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Comparison  of  the  penetration  into  timber 
or  actual  bomb  fragments  with  that  of  projectiles 
fired  from  the  micro- fragment  gun  in  the  laboratory 
shows  that  at  50  ft.  from  the  bomb,  average  bomb- 
fragments  weighing  55  milligrams,  have  a  velocity 
of  the  order  of  2000  ft. /sec.  In  making  this  com- 
parisonjallowanceyhas  been  made  for  the  shape  of  the 
particles  using  the  empirical  method  used  by  Fencelet, 
The  difference  between  tne  probable'  initial  velocitv 
and  the  striking  velocity  at  50  ft.  from  the  bomb  * 
appears  to  be  due  to  the  considerable,  drop  in  velocity 
oyer  this  distance  produced  by  air  resistance.  Out¬ 
side  this  radius,  only  velocities  of  frem  2000  ft./ 
.sec.  downwards  need  to  be  considered  for  particles 
smaller  than  53  milligrams.  This  conclusion  renders 
the  problem  of  protection  against  such  fragments  much 
.store  hopeful  of  solution.  ; 


Correlation  between  bomb  tests  and  laboratory  penetration  experiments 

?°  ®inml!te.the  action  of  very  small  bomb-fragments,  laboratory  7 

3/3pern6ev!  ffVvSed.for  Pr°jeoting  sn!a11  steel  particles  of  StwSd 
size-  /32-in.  ball  bearings,  weighing  53  milligrams  -  at  Velocities  ' 

'  vbl&cities°h  IS  t0  40?0'  ft,/sec-  and  a  Urse  number  of  tests  at  these  • 
Velocities  have  been  made  on  various  materials.  .  ,  ,. 

*  ...  .  #l®'teriale  included  three  samples  of  red  deal  taken  from  tar- 

■  ffb  Tit  a\Sh°ebUryneSS  t0  receiva  fragments  from  an  exploding  SS. 
has^thus  been  possible  to  correlate  the  laboratory  work  with  full, 

ln  %he  Shoeburyness  tests,  the  targets  were  erected  at  25  ft. 
and  50  ft.  from  a  German  250  kg,  bomb.  After  the  bomb  had.  been  exploded. 

fraSt  !ltaken  fr°m  ®aoh  tar8etv  The  penetration  and  mass  o/Lch  ’ 
fragment  were  measured  at  Forest  Products  Research  laboratory  and  the  re- 
ults  for ^ the  target  50  ft.  from  the  bomb  are  shown,  in  Pig.  1.  The  scatter 

poiht?.  in  1  is  lar2e>  ^t  it  should  be  remembered  that  in’ 
addition  to  the  mass,,  several  other  variables,  including  the  velocity  of 
the  particle  and  its  shape  affect,  the  penetration  of  the  fragments.  The 
general  trend  of  the  points  can  however  be  seen.  The  average  laboratory 

°btained  rth  thS  3/52‘in’  bal1  bearing  loving  S  v^iouc 
measured  speeds  are  given,  in  Table  1  and  have  also  been  plotted  in  Fig.-  1. 
the  measured  velocity  being  indicated  against  each,  point?  E  " 

•  '•  '  '  *■  ,  /Table  1  . 
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Table  1 


Penetration  of  micro-fragment  gun 
projectile  into  red  deal  (5  rlngs/in.) 


'  Velocity  of  fragment 
(ft.  /sec,) 

Penetration 

(mm.) 

;  /  " '  r  „  l 

1350  _  -  , 

16, 7~ 

.  ' "  16Q0 

21.7  ' 

.  ,  ■  1750 

•  i|  24«2 

Many  of  the  usurp  formulae  for  the  penetration  of  projectiles, 
such  as  that  of  Poncelet,  give  the' penetration  as  proportional  to  the 
\  "ahape-f actor",  M/A,  of  the  projectile,  H  being  the  mass  and  A  the  pro¬ 
jected  area  of  the' projectile.  It  has  therefore  been  assumed  that  the 
penetration  of  bqmb- fragments,  moving  with  the  same  velocity,  into  a  tar¬ 
get  of  given  resistance  per  unit  area,  is  also  proportion  to  the  "shape- 
factor"  of  the  fragments.  A  sphere  has  'a  "shape-fact  'r"  of  3.28  Jj?**® 
in  iftilli gram-millimetre  units;:  while  that  for  the  actual  bomb  fragments 
was  found  to  be  2.0  and  on  this  theory  the  penetration  of  &  sphere 

weighing  53  milligrams  should  be  2.6  times  as  great  as  the  penetration  of, 
a  bomb-fragment  pf  equal  mass. 


■  '■  The  bomb-penetration  tests  showed  that  a  fragment  weighing  ‘53 
milligrams  penetrated  something  of  the  order  of  10  mm,,  and  the  consider¬ 
ations  of  shape  outlined  above  show  that  a  sphere  of.  the  same  velocity  and  • 
mass  would  penetrated  about  26  mm.  The  estima  ted  velocity,  of  a  sphere 
Sthi®  Penetration  is  about  1900  ft./sec.  and  similarly'  the  estimated 
velocity  of  a  fragment  penetrating  13  mm,  into  the  timber  is  about  2050  ft,/ 
Sec.  The  penetration  of  actual  bomb  fragments  Weighing  53  milligrams  is, 
however,  . rather  uncertain,  and  until  further  data  are  available,  it  is 

■  impossible  to  form  a  very  accurate  estimate  of  the  velocity  by  this  method, 
but  the  conclusion  is  that  bomb-fragments  of  similar  size  to  the  standard 
ball,  have;, a  , maximum  velocity  of  about  2000  ft./sec.  50  ft,  ^ from  the  1?pmb, 

" evidence,  though  of  &Li$vt  value,.  Ms  recently  been  ’  •*, 

•  Obtained  from  a  few  experiments  performed)  in  collaboration  with  Professor 

S!a^arf  raicro”g^n  P^jeotiles  were  fired*  at  a  velocity  of  ■ 
!w°i  ft*  fleshy  tlssne*  ^he  damage  caused  was  much  ih  excess  of 
that  expected  from  experience  of  wounds  caused  by  bomb-splinters  of  this 

Effect  of. air  resistance  on  the. velocity  of  small  particles 

7  „  4 -u  iS  1)e'tieV9d  ^hat  initialiy  velocities  comparable  with  those 

of  the  Mast  wave  vail  be  imparted  to  most  fragments,  irrespective -.of  size  " 

"  Se»«ie  ?roTfjel0Clty  °f  the  larger  er&sments,  which  will  not  be 
affeCt®d  by  air  resistance  at  the  distance  of  measurement,  ana 

of  5OTO  tf  1  n  nm  aw  8  °^rges>  this  is  Sieved  to  be  of  the  order 
bLn^mSJ^000  J?8  effe0t  0f  air- resistance,  has  therefore, 

been  examined  to  see  whether  this  will  account  for  the  low  velocities  of 
small  fragments  observed  at  50  ft.  from  the  bomb.  '  ■  '•  ~  ■  ' 


•  equation; - 


Aerodynamic  resistance  at  supersonic  speeds  is  given  by  the, 
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Vr..r.  i:  tii.  r.  i.t  r.o  to  ro+ion 


4;  Vnc  r  r?  ’  ct  \  rc-  of  th.  frf.fru.nt ,  nomr.l  to  the.. 
■ii,r._ct-  'n  •>’-  n-*i-->r», 

.Mi  is  th  d  .n-lty  -'f  ■  irK  .  '• 

•v  i  :  tiv.  wlocity  -'f  ‘h,  fr  .t.-..  t  ^  .  . 

r.r.(J  Or,  i :  •.  cjr.rt  r,t,  c  1U1  th-.  b-dUsUe  coefficient. 

If  K  is  »K-  r- S3  of  'th'.  fragr-n*  ru  its  deceleration,  then 


=  R  =  CD  .yOv^ 
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where  s  is  the  distance  travelled, 
and  v0  is  the  initial  velocity. 


Recently  Prosser  t  nd  Young  *  h  ve  det '.-mined  the  coefficient  Op  , 
for  Mia  11  mo  els  -f  various  s'-  cs  by  placin'-  th  .d  in  a  dr  -tunnel  end  . .  , 
measuring  th*  dr.-g,  Ysing  their  v-  lues  for  Cp,  the  volocity-di stance  curves 
for  «  number  of  models  of  different  o.'i  ;cs  h*  ve  brer,  c.dcol1  t.  d  r.nd  there  ere 
.thorn  in  fir.  2.  Th.-  effect  of  th*  r.h  .pe  is  clearly  sho-.vn.  ..t  21  ft.  the 

velocity  of  the  .  t-r-sh-ped  no  lei  i  half  its  ini  tie.l  velocity  ■  nd  ?.t  50  ft, 
it  hx  s  dropped  to  one-fifth  of  its  ini  ti  l  vlocity.  On  the  other  hand,  the' 
velocity  of  n  sphere  +h't  presents  the.  s‘x.-‘  <.jcc  t..  the  air  is  still  three- 
quarters  of  its  initial  v  locity  1 1  50*  ft.  (lurw :  12  i.nJ  2  of  i-’ip.  2).  It 
if  reasonable  to  assure  th- 1  -.  ste.llcf  r-.rd  mor  irregular  iV.-pn.mt  -would  be  1 
retarded  more  quickly.  Thus’  >  ssusii-g  -n  initi:  1  velocity  of  from  5000  to 
10^000  ft. /sec,,  the  fragments  h  ve  r.  sreed  of  only  10 jO  to  2000  ft. /sec. 
slum  50  ft.  from  the  bomb. 


Thi-  . ctin  +c  - grtes  fairly  well  with  the  ord.r  of  velociti  s  d<,- 
4boed  fror  the  eJ|Krin*ntol  work.  If  i*  be  .  ssurned  that  within  a  r-diur 
of  50  ft.  from  bomb  th'  d  ng*  r  fra.-  large  s,-lir.t.:rs  is  hi?h,  'hurts,  s  out  • 
trt.de  this  rrdius  many  sri.ll  t;r.>tr  -.ill  be  hit  only  by  smeller  fir- great:-., 
it  would  follow  *h  t  body  -.raour  c-  prblc  of  withstanding  sm  11  frrgmcnta 
-Moving  with  -  velocity  of  2000  ft. /see.  would  be  of, value.  Incident.' l]y 
snap aount  cf  the  "sh  >v  factor",  the  SO-milli.gr- m  ball  project.!  at  20''.©  t. / 
Mb  in  the  l.-.bor  tor;.'  t.st  -  is  apii  valent  in  Us  ,  .n-trc.tion  to  conel... .r  ,-ly 
Inevisr  bact-rr-rn.  nt  trikinv  at  this  speed. 


*  gtwwer  -r*  Tou!>::  Rupert  on  th.  ir  resistance  at  supersonic  rpeods  of 
wassuos  aferper  rebels:  R»i\  lCh.  '  -  V- 
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